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samples. 

and for the factories, 63. As before, the country air is 
distinctly freer from microbic life than the atmosphere 
of the cit , although a single high value for the country 
brings deir pneral  averages close together. The 
factoryair is lugher in content than any other group, 
so far as the general distribution of results is concerned. 
The office samples, as before, show many very low and a 
few very high counts, the latter bringing the average up 
above even that for factories. 

The ratio of the 37O-count to the 2O0-count was about 
1 to 1.9 for country air, 1 to 2.4 for city air, 1 to 1.2 for t,he 
offices, and 1 to 1.8 for the factories. All these ratios are 
high in comparison with those we find in water of good 
quality. 

Finally, we made an estimate of the number of mouth 
streptococci present by isolating pure cultures from any 
colonies characteristic of this group upon the litmus- 
lactose-agar plates and studying their morphology and 
fermentation reactions. The lactose fermenting or an- 

the human mouth and to be reasonabl good indices of 
mouth pollution of the atmosphere. T%e results of this 
study are indicated in Table 3 with a summary of the 
20' and 37' averages previously discussed. 

TABU X-Average mierobie content of the air- various sources. 

isms when found in air appear to be chiefly derived B roni 

Ylrrobes per cubic foot. stqtpto- 

sourcs. I Number. I 20-C. I 37OC. 

country ............................. 85 56 30 12 
city ................................. 11 
omcss.. ............................. 
Faotorlea. ........................... 43 
school9 .............................. 684 ............ 30 

;EUE 
feet. 

So far  as the presence of mouth streptococci is con- 
cerned, there is a clear distinction between outdoor and 
indoor air, the former havin less than half as many 

polluted than the air of the o&es and schools. 
streptococci as the latter, w h  9 e the factory air is more 

In neral it may be concluded from this survey of the 
microEc content of 353 samples of air from various 
sources that: 

1. The number of microbes developing at 20' C. from 
outdoor air in suburban districts is generally under 
50 er cubic foot and rarely over 100. 

'!he count a t  37' C. for such air is about half that at 
20° C. and rarely over 50 er cubic foot. The number of 

hood of 10 per 100 cubic feet. The air from more reniote 
regions would no doubt show still smaller numbers. 

2. The air of cit streets shows a slightly higher number 

in all the respects noted above. 
3. The air of occupied spaces shows, as might be ex- 

pected, larger average numbers of bacteria and much 
greater fluctuations. The 30O-count may average over 
100 microbes er cubic foot, as in the factories studied, 

The 37 -count avera d over 50 both in factories and 
offices and was neary as high as the 20O-count in the 
latter case. A few very high 37O-counts were obtained, 
two between 1,000 and 2,000 in offices, and one of 5,200 
in the oountry, the latter clearly abnormal. Mouth 
r t r e p t o d  are much more abundant in indoor ab, 

concluswns. 

mouth streptococci in SUC %. air is small-in the neighbor- 

of microbes, but  t E e general relations are much the same 

and ma reac l 700 or more, as in sonie of the offices. 

P 
J 

ran 'n from 20 to 40 per 100 cubic feet of air, and the 

organisma furnishes a good measure of m0ut.h ollution 
due to concentration of population in confine a spaces. 

resu 7 %  ts ear out the conclusion that the number of these 
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THEORETICAL mTEOROLOGY: =ORE PARTICULARLY 
THE TEERXODYNAHICS OF THE ATMOSPBERE. 

[Communicated to the I n t e m a W d  Meteorological Congrass st Cbieago, Ill., August, 
1883.1 

By PROF. DR. WILEELM VON BEZOLD. 

[Dated: Kgl. Preussisches Meteorologiscbw Institut, Berlin, July 14, leea.] 

[The late Wilhelm von Bezold waa born June 21, 1837, at Munich, 
and &ed at B e r h  on February 17,1907, at the age of 69. At the time 
of his death he waa director of the Royal Prussian Meteorological Ineti- 
tute and professor of nieteorology in the University of Berlin, a position 
he had held since 1885. From 1868 to 1885 he waa professor of ph ics 
in the Technische Hochechule at Munich, Bavaria, where he h a & m  
been actively engaged from 1879 to 1885 in organi- and directing 
the Bavarian meteorological h a u  and seMce. A bnef notice of hi6 
work is given in the bfONTHLY WEATHER REVIEW for February, 1907, 
35:73. 

The present paper waa repared for ablication between 1901 and 
1912, but ublication hasgee, delayef for the reason8 stated in the 
MONTHLY   EAT HER REVIEW for February, 1914, 4S:93.] 

Strictly speaking, theoretical nieteorologiyexcept 
nieteorological optics and the study of atnios e m  elec- 

is nothing but a ni.ost complicated hy B rodynamic 
and t erniodgnainic problem. 

The condition existing at a certain point of the atmos- 
phere at an given moment is fully determined by the 

acter of the moisture contained in a unit of volume, and 
the direction and velocity of motion. 

If these elements are also given for neighboring points 
of space, or specially the changes that occur in the passage 
from a given place to another adjoining it, and if one also 
knows the amount of heat that is added to or abstracted 
from the particle of the atmosphere under consideration 
in a unit of time, then one has all the elements that deter- 
niine the change in the iven conditions of the air. If it 

woul cp be regarded as the fundamental equation of the 
whole of the theoretical meteorology. 

However, even if one should succeed in formulating it, 
this e uation could never attajn a practical value, smce 
it woiid be so involved that a discussion of it would be 
attended with the greatest difficulties. It would at all 
events be necessary to subsequently. introduce most 
extensive sim lifications and then to disregard first one 

fore, it has not yet been even att,enipted to attack the 
robleni from so general a oint of view but rather to 

follow the opposite path. gpecial cases have been se- 
lected in which son>.etiiiies one and sonietinies another 
group of the elenimts above enumerated have been 
omit,ted from consideration, and thus the great problem 
has been resolved into separate problenis and general 
theoretical meteorology has been treated in separate 
sections. 

In  this manner the statics and dynaniics of the atnios- 
phere, as well as the therniodynamics, have been devel- 
oped as disconnected studies. This separation is not 
based on the nature of the subject but is rather only a 
consequence of the iiiipossibility of attacking the prob- 
h i  in its complete generality. It is recisely because 

many uiipossibilities, one may even say, dangers. It is 

pressure of t Yl e air, its temperature, the amount and char- 

were ossible to unite t % ese quantities in an equation it 

and then anot f l  er of the variables occurring m it. There- 

this separation has no natural basis t E at it mtroducea 
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h-kcending and d?sccnrlin air curren& may bc hvtsti- 
gated without considering t%e velocity of the current, be- 

therefore to closely examine the hypotheses ~~~~~~h this anaiysis into separate studies. 
This can be most easily done, as it seems to  me, by 

assuming that the general equation mentioned in the 
as connecting all the elements is really known 

an has een formulated. With these assum tions we 

tions, as also the increase of heat, each to zero in order to 
convert that e uation into the fundanientd equation for 

barometric formula. 
Assume, as above, that there is no increase or loss of 

heat, that the changes of temperature due to compression 
or expansion need not be takm into account, and that no 
change of ag regation takes place in the water that is 

between the distribution of pressure, ve ocity, and accelrr- 
ation, we should attain the dynamics of the atmosphere in 
the ordinary sense of the word. 

Thus it is seen that the hypotheses made in this case are 

should only have to equate the velocities an R accelera- 

the static con s ition of the atmosphere, i. e., into the 

mixed with t f e air; then when we PS res8 the relations T 

or gained by work, and in the majority of cases to b? 
considersd, this second condition is satisfied to a high 
degee of. accuracy. 

ence it follows also that the thermodvnamic z)roctswzi - - , circulation of tlic\ atmosphcrr. 
The ciitire circu1:ttion of the atmosphere de ends u on 

regardin the cooling of the ascending current as a conse- 

work which, in rcalit , is erformed by other air masaes 

Again, with a urely thermodynaniic treatment of these 

%e so-cnlled adiabatic expansion of moist air, from the 
bc inning of condcnsation onward we have in gen- 

in the ordinary s m s ?  of that term. Properly speaking, 
adiabatic changes occur only so long as all the water origi- 
nall present is carried along with the air; as soon as some 

occurs. For whcrcas in the revxsible changes of condi- 
tion ordinarily considered that occur without gain or loss 
of hcnt, the entropy remains unchanged; on the other 
hand, this is not true in the case of the formation of pre- 
cipitation by the so-callcd adiabatic espansion. In the 
1attc.r case onr has to deal with proccsses that arc indeed 
revmiblc in thp very siiiallest parts and thrrcfore apart 
from vrry ins nificmt corrcctions, may also be calcu- 

considcrrd as a whole. 
It is prrciscly bccausc moist air exhibits this peculiar 

behavior whrn in the condensation stage that the cyclic 
roccsws of thc atmosphrre arix so essentially distinct 

fmm all others that wc have brrn accustomrd to con- 
sider. Formerly tliest: peculiarities m t ~ e  nrver enipha- 
sized, but they a t  once became proniinrnt as soon as the 
cycles in the ascending and descmding currents began to 
be studied from a purely thermodynaniic stand oint. 

thc ass?rtion made above that the analysis of theoretical 
meteorology into sc larate studiit's, although only an ex- 

IIowvrr, in ordcr to profit by these advantages, it is 
nvcessnry to mnkl- t l h  subdivision as discrretsly as possi- 
ble, and to dctlucr as conipl+Ay as possible all the conse- 
quenccs that can bl. drawn under dcfinitrt simplifying 
hypothrsc s. It is only whm this is acconiplishd that we 
should try to discovtr how ninttcrs shape up as we grad- 
ually bc 111 to take into accouiit th? t.llments that were a t  

built brtmwcn this separat? brmches of our subject. 
Often this is accomplishd, to s crrtain cxtcnt, sponta- 
neously since it suffices to simply obscrvc. from a new 
standpoint thc rmdts previously obtainrd under certain 
other nssiinip tions. 

I will iasemplify this by showing how the urdy thermo- 

leads to important conclusions in rrgard to the grncral 

quence o 9 the work expmded in raising the mass of air- 

that are sinking in ot  9 1 P  er p aces. 

uestions it wou P (1 not have escaped our attention that, in 

"7 cra no P ongw to do with adiabatic changes of condition 

of t l? e water falls as rain an important change of condition 

latrd nuiiirrical 7 y as such-yet are not reversible when 

From thrse examples it may bs seen how well P ounded is 

pression of our inahi \ ity, offers also certain advantages. 

fimt ncg 9 wtid In  this iiiannrr connecting bridgcs are 

dynaiiiic study of thi cyclic procvsws of t E e stniospherc. 

U - J S U l l  W l l r l l  but; W U l h  U1 C A p r u W l U l l  U1 t i U I l I ~ J l ~ ~ ~ l U 1 1  bC1 Ut- 

gone by the ascent or d:.scvnt. The resulta obtaincd in 
these investigations hold good, therefore, without consid- 
ering whether the expansion or  conipression are actual 
consequences of an ascent or descent, or whetha- thcy are 
produced by some other caus5. 

Moreover, this last-named point shows that the division 
of the eneral problem into special roblems, as made nrc- 

subject mto se mate studies, also has ita own peculiar 
advantages. Ifad the problem of the cooling or warming 
of the amen and descendin currenta of air always 
oeea re arded rom a purely kernlodynamic point of 
view wi out previously mtroduc' the altitudes into the 

essary % 9 the complicity or the su TJ division of the whole 

corntmtation. & -  we could never have Y allen into the error of 

pii.miiig L ~ I I I - O ~ ~ U  b i i e  iiius I, v ii.rivci cwiicuuu~is-ai I,W giv ir i  
nnd receiving b0t.h heut mil wa ter-fina.lly descends, nn 
nf ter still further ch:inges of coiidition begins the process 
over again. In order to show irll these clinnges clearly 
and not to lose the guiding thread of these considerations, 
it is best to represent the clinnges grsphically. This 
method is as ndvnnt:igeous in the execution of theoretical 
investigations in order to clearly present the formulre 
and trains of thought, ns i t  is in presenting a.nd discussing 
the materid ob tnined from observation. 
In thus utilizing graphic methods one inny em loy the 

method or presentation adopted by H. Hertz, or t 1 e more 
eneral method of Clnpeyron as I myself showed in those 

%ays. It must however, be Lorne in mind that the curves 
drawn bv the batts indicator are nothing but diagrams 

L I 
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drawn according to the Cla eyron method. Of these two 

graphic computations, while the latter offers special ad- 
vanta es for theoretical investigations. On the other 
hand, 5 0th methods have one defect which is, indeed, of 
only ver minor fundamental importance, but which may 
yet be Lurid annoying by those who have had little ex- 
perience in considerations of this kind. 

This defect arises from the fact that in both of these 
methods the changes of condition ex erienced by an 

and those of a descendin mass of air by rising curves. 

by chan the coordinates, aa has already been done 
by Prof.%%.ham M. Davis for the Hertzian diagrams. 

I will, however, here assume that the more generalized 
Clapeyron method is employed in its usual form; that is 
to say, the volume is represented by the abscissae and the 
pressure by the ordinates. If we represent a cycle by 
this method, then, as is well known, the areas of the 
surfaces inclosed by the dia am are a measure of the 

theorem, as used b me, the simple diagram is replaced by 

in conhtion, and hereafter I shall refer to ths projection 
briefly as the diagram. 

The question whether in this process work is clone or 
consumed,can be answered a t  once from the direction 
alon which the curve is traversed. If the change in 
con d itiou proceeds in such a way that the ditigrnm 
inclosing the surface is traveised in a clockwise direction, 
then heat is consumed and by this process work is gtiined; 
in the opposite case, work is consumed and heat is gained. 
Therefore in any atmospheric cycle, e. g., in the eschange 
of air between cyclone and anticyclone, i t  suffices to enter 
in the diagram the a c t u d y  observed values of the res- 

the values of pressure and temperature) in order to at  
once recognize whether in this process we have to do with 
a consumption or a gain of heat. 

If, for instance, we assume that the atmospheric ascent 
took place in a summer cyclone in which the tem erature 

sentative diagram will be traversed in a counter-clockwise 
direction. In  this case, therefore, there is a consumption 
of work and a gain of heat. But such a process can not 
possibly contain within itself the germ [or cause] of its 
existence since the earth receives energy from without 
only in the form of heat, which is delivered by the sun 
at  a higher temperature and subsequently radiated from 
the earth a t  a lower temperature. 

The great atmospheiic cycle as conditioned by the 
general circulation must, therefore, be traversed in nn 
opposite direction to that just described. It must, in 
fact, be one in which heat is converted into work. 

Processes such as that above imagined, although they 
do seem to corres ond. to the interchange between 

lem never to be e s  lained by the convection theory, but 

circulation delivers an excess of mec amcal ener in 
order to develop or sustam smaller processes oy the  
op ositekind. 

From this it is clear that even pure thermodynamic 
considerations may lead to results that are of the greatest 
importance for the understanding. of. dynamic processes. 
Consequently, we recognize that it .IS a problem of the 
highest importance to test numerically by means of 

methods of presentation, t R e former is better adapted for 

ascending mass of air are represented % y falling curves 

This, however, is a diilicu f ty that can easily be overcome 

work done or consumed. Y n the extension of this 

the projection of t z e spacecurve representing the change 

sure and volume (or what amounts to the same t R ing, 

is lower than in the attendant anticyclone, then t R e repre- 

cyclone and anticyc P one in summer time, are neverthe- 

are only conceivab f e in case the great c cle. of the general 
rl 

well-established observations the considerations here set 
forth. The construction of such diagrams by use of 
actually obsemecl data would lead to the most far- 
reaching conclusions. 

Of course, i t  will not be easy to obtain the values for 
truly closed cycles, since probably only a part of the air 
that is raised in the cyclone and transported over to the 
neighboiin anticyclone returns again into the same 
cyclone. &ill the cla.ssification of temperatures observed 
a t  different heights, ac.cordin to the cyclonal or anti- 
cyclonnl character of the weat B er, will be a contribution 
in this direction. 

t,he moisture is varinble. 
If, in a current of asceiidiiig or descending air, the quan- 

tity of moisture in a unit, mass remains unchanged, then 
we are judfied in supposing that no mixture m t h  other 
niasses of air has taken plnce. The change in t.he quantity 
of nioisture, therefore, gives in n certain sense a measure 
of the degree of mixture with foreign masses of air, but 
alwcJ s only under the assuniptioii that it has not left 
the B rystuge. 

uestions whose thorou h explanation 

show that from the diiigraiiis of atmospheric cycles con- 
st,iucted from data actually observed, the most important 
conclusions can be drawn as to t,he general circulation of 
the atmosphere. In  the construction of these diagrams, 
however, we need above a.11 a knowledge of the tempera- 
ture nnd t.he moisture at  different altitudes in the regions 
of mcending and descending currents and a t  different 
times of t,he day and the 
tions should not be con 
middle ltitihdes; 
circulntion between 
the high pressure 

But these are 
would lead us too P ar. At present it is on F y necessary to 

I .  ., 
" . , .  
ICE STORMS OF NEW ENGLAND. 

A welcoiiie study of the ice stornis (verglas; Glatteis) 
t,ha.t have been observed over New England and notably 
a t  Blue Hill Obsei-vntory, Nasq., has just come from the 
pen of Charles F. Brooks..' 

1 Brooks Charlea P The ice storms of New England Cambri e 1914 8 p 2pl 
4.. (Har&d Univdsity publication.) [Reprinted fmmAnnals,%L. H&. dau., r: 
m p t .  1.1 


